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(71) We, MIZUSAWA KAGAKU 
KOGYO KABUSHIKI KAISHA, a 
Japanese Body Corporate of No. 2—22 
Imbashi, Higashi-ku, Osaka, Japan, do hereby 
declare the invention for which we pray that 
a patent may be granted to us, and the 
method by which it is to be performed, to 
be particularly described in and by the fol- 
lowing statement: — 

This invention relates to a process for the 
preparation of type A zeolite detergent 
builders. 

Alkali metal aluminosilicates such as zeolite 
have excellent water-softening ability, due 
to their high calcium ion exchange capacity, 
and have long been known as detergent 
builders. 

The specification of our Japanese Patent 
No. 188351 discloses a process for drastically 
treating acid day or a similar day with a 
mineral acid tP dissolve out and remove sub- 
stantially all components other than wlirgj 
and reacting the resulting activated silica 
with an alkali metal ahimrnate to form an 
alkali metal polysilicate and a water-insoluble 
solid alkali metal ahiminosflicate correspond- 
ing in structure to a zeolite. This synthetic 
alkali metal ftfamtnngj lira te is valuable as a 
detergent builder, but the specification does 
not specifically disclose conditions under 
which an alkali metal aluminosilicate builder 
having an optimum combination of various 
washing-promoting properties will be 
obtained 

^ Important among wasbing-prtjmoting pro- 
perties of such builders are a metal ion 
sequestrating property and a buffer capacity. 
Polyvalent metal ions contained in service 
water and stains, such as ions of ralTi'itm, 
magnesium and iron> react with surface active 
agents to form hardly water-soluble salts, 
resulting in drastic reduction of the surface 
activating capacity of detergents. Accordingly, 
it is important that detergent builders should 
have the ability to sequestrate ions of poly- 
valent metals such as calcium, it, an ion 
exchange ability. 
In order to remove greasy stains, it is im- 



portant that the pH of the washing liquid 
should be on the gflraKn^ side, and it is there- 
fore preferable that a substance having a 
buffer capacity under alfenlfaft conditions 
should be used as a detergent builder. 

Another property required of a detergent 
builder is th-ar stains extracted in the washing 
liquid are absorbed and fixed so as not to 
cause re-containinarion of washed fibrous 
articles with the removed stain material. 

Since an alkali ahimfnosfliraffe builder is 
water-insoluble^ it is important that the 
builder should have excellent dispersflul&y 
in a washing liquid and a good rinsing pro- 
perty. When the . cHspers&ility of a water- 
insoluble solid builder is msufficienr, the solid 
builder tends to adhere to washed articles 
and to reduce the rinsing property, and such 
troubles as so-called "powder falbng", which 
is a phenomenon such that builder powder 
falls from a dried washed article, are often 
caused. Moreover, when a solid builder is 
composed of coarse particles, sedimentation 
or deposition of builder particles takes place 
in pipes for di ^ l bu% h washing h/jii^f^ and 
such troubles as clogging of tubes and wear- 
ing of tube walls are caused. 

Our Patent Application No. 47950/76 
(Serial No. 1 571 003) describes and claims 
an improvement in die gflraK metal alumino- 
silicate builder disclosed in the above- 
mentioned Japanese Patent No. 188,551, the 
improvement providing an optimum balance 
of properties. More specifically, that improve- 
ment provides a detergent builder comprising 
a finely divided powder of synthetic type. A 
zeolite (as hereinafter defined) which has a 
degree of crystallisation (as hereinafter de- 
fined) in the range of from 35 to 75%, a 
primary particle size (as hereinafter defined) 
smaller than 1 p. and a secondary particle 
size (as hereinatfer denned) smaller than 4 ji> 
a buffer capacity (S) (as hereinafter defined) 
of at least 132 ml/100 g of solids when 
titrated with 0.4N hydrochloric acid at a rate 
of 20 to 50 ml/hr, and a calcium ion binding 
ability (CI.) (as hereinafter defined) of at 
least 70 mg/g expressed as CaO, and which 
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in aqueous dispersion retains a uniformly 
negative surface potential after exchange of 
its sodium ions for calcium ions. This builder, 
in which substantially all of the particles 
have a primary particle size smaller than 
1 /t, has in combination a high alkali buffer 
capacity, an excellent metal ion sequestrating 
property, a high re-amtammatioa preventing 
property, good dispersibility into a washing 
liquid, and good rinsing properties. Pre- 
viously known builders were not readily ob- 
tainable as such fine powders, primary particle 
sizes of 1 to 3 ji or 3 to 5 p. bong the smallest 
usually encountered. 

The present invention relates to a process 
for preparing finely divided synthetic type A 
zeolite, in which substantially all of the 
particles have a primary particle size smaller 
than 1 pl 

This invention accordingly provides a pro- 
cess for the preparation of detergent builders, 
which comprises add-treating a smectite day 
mineral to prepare activated silica or acti- 
vated alumina-silica under such add-treating 
conditions (readily determinable as hereinafter 
described) that at least the X-ray diffraction 
peak of the plane index [001] is reduced 
to less than 15% of its original height, treat- 
ing the resulting activated silica or activated 
alumina-silica with an alkali metal hydroxide 
or a water-soluble alkali metal silicate to 
prepare an alkali metal porystheate or alkali 
metal polyaluminosilicate having a composi- 
tion in which the Na^O/SiOa molar ratio 
is in the range of from 1/3.5 to 1/500, mix- 
ing said alkali metal polysiHcate or alkali 
metal polyaluminosiUcate with flhitntna and 
alkali metal components and water and aging 
the mixture if necessary to prepare a homo- 
geneous mixture having a composition capable 
of forming zeolite of the type A, and heating 
said homogeneous mixture to crystallise out 
fine particles of synthetic type A zeolite (as 
hereinafter defined) having a primary particle 
size fas hereinafter defined) smaller than 1 /c 

The water-insoluble inorganic powder 
builders in question are described in detail 
in the aforementioned Application No. 
47950/76 (Serial No. 1571 003), but it is 
necessary to explain here that these builders 
have an X-ray ditlraction pattern substan- 
tially the same as that indicated in Table B 
given hereinafter. That is, they have an X-ray 
diffraction pattern substantially the same as 
that of zeolite of the type A. The X-ray 
diffraction pattern is preferably determined 
by the following X-ray diffraction method 
using Cu-Ka rays. 

(i) Method for detennination of X-ray diff- 
raction pattern: 

An X-ray diffraction apparatus manufac- 
tured by Rigaku Denki K.K. (X-ray genera- 
tor Model Cat, No. 2171L and goniometer 
Modd Cat No. 4001) is used for this pre- 



ferred determination. Conditions adopted are 
as follows: 

Target: Cu 
Filter: Ni 
Voltage: 30 KV 
Current: 15 mA 
Count Full Scale: 500 C/S 
High Voltage: 1200 V 
Time Constant: 2 seconds 
Chart Speed: 2 cm/min 
Scanning Speed: 2°/min 
Dwergency: 1° 
Receiving Slit Width: 03 mm 

Each sample is first dried in a drier main- 
tained at 110°C and pulverised in an agate 
mortar, and it is then used for the 80 
measurement. 

TABLE B 
X-Ray Diffraction Pattern 



ing d (KX) 


Relative 


12.440 


intensity Q/U) 


653 


8.750 


58.5 


7.132 


483 


5.534 


41.6 


4371 


17.8 


4.111 


60 


3.720 


95.8 


3.421 


33 


3300 


81.4 


2.968 


100 


2.910 


24.6 


2.753 


27.2 


2.627 


70.4 


2.513 


13.6 


2.466 


11.0 



This pattern is typical of type A zeolites, 
and the references herein to an X-ray diffrac- 
tion pattern "substantially the same" as the 
above X-ray diffraction pattern mean an 
X-ray diffraction pattern in which the rela- 
tive intensity of each diffraction peak can be 
changed from the above-indicated value by 
± 30%, preferably by + 20%. 

Zeolites include various lands of differing 
chemical structure, for example, synthetic zeo- 
lites of types A,X, Y and T, chabazfce, mor- 
dentite, erionite, faujashe, clinoptHotite and 
sodalite hydrate. A synthetic alkali metal ahi- 
minosi lica t e having an X-ray diffraction pat- 
tern substantially the same (as hereinbefore 
defined) as the above X-ray diffraction pattern 
is hereinafter referred to as "a synthetic type 
A zeolite!" and in order to enhance the 
washing-promoting activity of the builder, it 
is important that a synthetic type A zeolite 
be chosen. 

The order of the X-ray diffraction peak 
intensity is sometimes changed depending on 
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the kind of the solid poly silicate used for the 
synthesis. For example, when a highly acid- 
treated clay material is used as the starting 
solid polysilicate, the intensity of the peak 
5 of the spacing d of 12.440 KX is higher than 
die intensity of the peak of the spacing d of 
8.750 KX, but it is found that this order 
is reversed when a substantially less acid- 
treated day mineral is used Further, when 

10 a small amount of a sodalite hydrate crystal 
structure is present in the builder, the order 
of the intensity between the peak of the 
spacing d of 2.986 KX and the peak of the 
spacing d of 3.720 KX is reversed* 

15 Since the builder is derived from a smec- 
tite day mineral, it occasionally has, in addi- 
tion to the above^nentioned X-ray diffraction 
peaks, those inherent in the starting clay 
mineral It is often observed that the builder 

20 formed by using add-treated acid day shows 
small peaks typical of substances contained 
in this starting raw. clay, for example, quartz 
(d= 3.343 KX), cristobalite (d=4.05 KX) 
and feldspar (d=3.7697 and 3.1977 KX). 

25 When the builder has a relatively low degree 
of crystallisation (described hereinafter), it 
is characterised in that its X-ray diffraction 
pattern has small peaks such as mentioned 
above: 

30 (u) Method for measurement of primary 
particle size (Dp): 

The term "primary particle size** is defined 
as a length of edge of the cubic zeolite par* 
tides directly measured by an electron micro- 

35 scope in a sample where respective particles 
are well dispersed. The measurement is pre- 
ferably performed according to the following 
method. 

A suitable amount of a sample is placed 

40 on a glass sheet, and paraffin wax or Vaseline 
(Registered Trade Mark) in a vomme sub- 
stantially equal to the volume of the sample 
is added to the sample. The mixture is suffi- 
ciently kneaded by a small stainless steel 

45 spatula, and a small amount of ethanol is 
further added and the mixture is further 
kneaded. The kneaded mixture is placed on 
a mesh for efcctron-microscopic measurement 
and immersed in ethanol to dissolve out the 

50 paraffin or the like. Then, the sample is 
dried for 1 hour in a drier maintained at 
60 to 70°C to evaporate ethanoL 

According to customary procedures, 4 elec- 
tron-microscopic photographs suitable for the 

55 measurement of die primary particle size are 
taken from differnet vision fields at a mag- 
nification of 1,000 to 2,000 and the photo- 
graphs are enlarged 10 times to obtain photo- 
graphs having a total magnification of 10,000 

60 to 20,000. 

Among cubic particles taken on these 
photographs, 6 typical parddes are chosen 
and among sides or edges of these particles, 
those deemed to be in parallel to the plane 

65 of the vision field (the mesh plane) are 



chosen and the length of each of these sides 
is measured. The maximum value among the 
measured values is th primary particle size 
(Dp). 

Figure 1 illustrates an electmn-rnicroscopic 70 
photograph of commerrially available zeolite 
of the type 4 A, and Figure 2 illustrates an 
elecmni-nnaoscopic photograph of a zeolite 
builder prepared by the process of this in- 
vention. From these Figures it will readily 75 
be understood that the builder prepared by 
the process of this invention has a remarkably 
fine primary parade size (<1 /*) and has 
excellent uniformity of the particle size. 

In the builder prepared by the process of 80 
this invention, not only is the primary particle 
size remarkably fine, but also the effective 
particle size in practice, that is the secondary 
particle size, is remarkably fine, being smaller 
than 4ju. The secondary particle size is pre- 6*5 
ferably determined according to the following 
method for measurement of the particle size 
distribution. 

(iii) Method for measurement of particle 
size distribution: 90 

The measurement is preferably carried out 
by using an apparatus of the light scanning 
type for prompt measurement of die particle 
size distribution (model PSA — 2 manufac- 
tured by Hitachi Seisakusho K~K.). Particles 95 
are suspended in a liquid, and the suspension 
is agitated to disperse the parddes uniformly. 
Dispersed particles are sedimented with the 
lapse of time according to Stokes* law and 
the particle concentration distribution is gen- 100 
erated in the liquid because of the difference 
of particle sizes. The particle size distribution 
is determined by utilising this principle. That 
is, the particle concentradon distribution is 
optically measured after a certain period of 105 
time has passed from dispersing of the par- 
ticles and is electrically recorded by convert- 
ing optical signals to electric signals. Prac- 
tical measurement procedures are as follows: 

In a corked test tube (having a capacity of 110 
10 ml) is charged 20 mg of a sample and 
5 ml of a 0.1% solution of sodium hexameta- 
phosphate is added. The corked test tube is 
attached to a shaking device and the content 
is shaken at a rate of about 60 reciprocations 1 15 
per minute for 30 minutes to disperse the 
sample in the sodium niexametaphosphate 
solution. Hie dispersion is transferred into a 
measurement cell (8 .5 cm in bright, 2.0 cm 
in length and 2.0 cm in width), and de- 120 
ionised water is poured until the liquid levd 
reaches preciseiy a standard line (50 ml). The 
cell is then set to the measurement apparatus, 
and the content of the cell is sufficiently 
stirred by an agitation rod and is then allowed 125 
to stand still. Simultaneously with stooping 
of the agitation, a stopwatch is actuated. Then 
the apparatus is actuated to draw a particle 
size distribution curve and an approximate 
measurement time is examined. This opera- ISO 
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tion is performed to know whether or not it 
is possible to obtain precise values. If de- 
ionised water has not been added precisely 
to the standard line, the top portion of the 
5 obtained curve is disturbed and precise values 
cannot be obtained. When it is confirmed by 
the above preliminary operation that a precise 
curve will be obtained, an automatic recorder 
is actuated to draw a particle size distribution 

10 curve. The measurement time and the den- 
sity^ and viscosity of the liquid can con- 
veniently be read in advance from a calibra- 
tion table provided for the particular 
apparatus used. The recorded curve is divided 

15 in equal portions according to the so- 
calculated partide size and the intensity of 
transmitted light on the dividing point of the 
curve is read and log I is then read from a 
logarithmic conversion scale. Based on the 

20 log I value, the particle size distribution may 
be conveniently calculated from a prescribed 
calculating paper. 

Since both the primary particle size and 
the secondary particle size are very fine, the 

25 finely divided zeolite prepared by the process 
of this invention has excellent water- 
dispersibiliry and shows a very high suspension 
stability when it is actually used for washing 
in a detergent composition. The water- 

30 dispersibility can be evaluated as described 
in the aforementioned Application No. 
47950/76 (Serial No. 1571003). 

Acid Treatment of Smectite day Mineral 
In the preparation of the zeolite builder by 

35 the process of this invention, a smectite day 
mineral is first subjected to the acid treatment 
to prepare activated silica or activated 
alumina-silica under such conditions that at 
least the X-ray diffraction peak of the plane 

40 index [001] is reduced to less than 15% of 
its original height 

In this invention, as the smectite clay min- 
eral, there can be used, for example, montmo- 
riilonite clay minerals (so-called acid clays), 

45 bentnnite, sub-bemanhe and Fuller's earth, 
and beiddlite, saponite and nontronite. These 
clay minerals may be used singly or in the 
form of a mixture of two or more of them. 
Further, these day minerals may be used 

50 in the form of mixtures with other clay type 
minerals. Moreover, naturally modified smec- 
tite day minerals, for example, a clay having 
a slightly destroyed smectite multi-layer 
structure, which is produced at Sanfco, Shi- 

55 bata city, Niigata prefecture, Japan, may also 
be used in this invention. 

In general, a smectite clay mineral has as 
the basic structure a three-layer structure 
comprising a central octahedral layer sand- 

60 wicbed between two tetrahedral layers of 
SiO„ and a great number of these basic 
three-layer structures are laminated in the 
direction of the axis C to form a multi-layer 



crystal structure inherent of the snrierffa> clay 
mineral. The add treatment is carried out 65 
under such conditions that this multi-layer 
crystal structure is substantially destroyed; 
Le. the X-ray diffraction peak of the' plane 
index [001] is reduced as aforesaid. By this 
add treatment, it is made possible to obtain 70 



zeolite having the desirable properties of 
high calcium ion binding ability (described 



in the aforesaid Application No. 47950/76) 
(Serial No. 1 571 003) and a very fine primary 
particle size. 75 

Figure 3 illustrates an X-ray diffraction 
pattern of acid day produced at Nakajo, 
Niigata prefecture, Japan, and Figure 4 illu- 
strates an X-ray diffraction pattern of alumina- 
silica treated under conlitians 5 — 2 of 80 
Example 5 given hereinafter, in which des- 
truction of the multi-layer crystal structure 
by the acid treatment is insufSceint Figures 
5 and 6 illustrate X-ray diffraction patterns 
of alumina-silica obtained in Example 5 35 
hereinafter, in which the multi-layer crystal 
structure is completely destroyed by the add 
treatment. In samples shown in Figures 3 
and 4, the X-ray diffraction peak of the 
plane index [0O1] is dearly left, but in 90 
samples shown in Figures 5 and 6, the X-ray 
diffraction peak of the plane index [001] 
substantially disappears. 

From results obtained in Example 5 given 
hereinafter, it will readily be understood that 95 
destruction of the multi-layer crystal struc- 
ture is important for obtaining a zeolite 
having an excellent calcium km binding abi- 
lity and a very fine primary partide see. For 
example, if there is employed add day per 100 
se having an X-ray diffraction pattern shown 
in Figure 3 or alnminosihca in which destruc- 
tion of the multi-layer crystal structure is 
insufficient, such as sample 5—2 shown in 
Figure 4 and Table 12 given hereinafter, 105 
crystallisation to a zeoiitic structure is insuffi- 
cient and properties of the builder, such as 
the calcium ion binding ability, are degraded. 
Further, in such case, the primary particle 
size is larger than 1 /x and the intended ob- no 
jeers of this invention cannot be qt*nmfd. In 
contrast, when alumina-silicas having X-ray 
diffraction patterns as shown in Figures 5 
and 6 are used, which have been acid-treated 
according to tins invention, higher crystalHsa- 115 
tion to a zeoiitic structure can be «W Rtnp d 
under the same zeolite-f arming conditions and 
excel le nt builder characteristics can be ob- 
tained. Moreover, a builder having a very 
fine primary particle size can be obtained. J20 

In this invention, in order to obtain a zeo- 
lite builder having a very fitt* primary particle 
size and preferred characteristics, it is essen- 
tial for the activated silica or alumina-silica 
obtained by the acid treatment to have a 125 
degree of the crystal destruction (D.C.) as 
indicated by the peak of the plane index 
[001] lower than 15%, especially tower than 



5 



1,571,004 



5 



5%, as measured according t the method 
described below. 

(b) Method for detemiination of degree of 
crystal destruction (D.C): 

5 X-ray diffraction patterns of the starting 
raw clay mineral and acid-treated clay mineral 
are obtained according to the method for 
determining X-ray diffraction patterns, which 
has been described in (£) above. 

10 With respect to each of the X-ray diffrac- 
tion patterns of the starting and acid-treated 
days, the respective heights of the peak of 



and [020] are measured. When the measure- 
ment is carried out under conditions specified 1 5 
herein, the peak of the plane index [001] 
appears at 4 to 7°, differing to some extent 
depending on the kind of the clay, and a 
single peak of the plane indexes [110] and 
{020] appears at 19.6 to 19.9°. [001] D.C. 20 
and [020] D.C values (%) are calculated 
according to the formula given below and the 
total degree of crystal destruction caused by 
the add treatment is evaluated based on these 
values. 25 



the plane index [001] and of index [110] 



[001] D.C (%)= 



(peak height of plane index 
[001] of arid-treated clay) 

(peak height of plane index 
[001] of starting raw clay) 



X 100 



[020] D.C (%)= 



(peak height of plane indexes 
[110] and [020] of arid-treated day) 

(peak height of plane indexes 
[110] and [020] of starting day) 



■X 100 



In this invention, in order to obtain a 
zeoHte builder having a finest primary par- 

30 tide size and optimum builder characteristics, 
it is p re fe irc d that the add treatment be 
carried out under such conditions that the 
vahie of [020] D.C (as weft as that of 
[001] D.C) is lower than 15%, preferably 

35 lower than 5%; Le. even the bask three- 
layer structure of die starting day is sub- 
stantially destroyed. 

The add treatment of the smectite clay 
mineral can be performed by known methods, 

40 so far as the above-mentioned requirement 
is satisfied. As the add, there can be used, 
for example, mineral adds such as sulphuric 
add, hydrochloric add and nitric add, and 
organic acids such as benzene-sdphonic _add 

45 tohiene-sulphonic add and acetic acid. How- 
ever, a mineral arid such as sulphuric add is 
ordinarily used. The contact of the day with 
the add may be performed according to 
known methods, and methods for the add 

50 treatment of clays, which were previously pro- 
posed by us, can be effectively and preferably 
adopted (see Japanese Patent Publications 
Nos. 5666/53, 112/54, 2169/54, 2960/57, 
11208/70, 11209/70, 44154/72, etc). For 

55 example, the so-called slurry activation method 
in which a clay is contacted with an add in 
the slurry states the so-called granule activa- 
tion method in which a granulated clay is 
subjected to solid-liquid contact with an add 

60 and the so-called dry activation method in 
which a mixture of a clay and an add is 
reacted in the dry state (in the granulated 
form) and then, the resulting salts are ex- 
tracted may be adopted for accomplishing 

65 the add treatment of this invention. 



The concentration of the add used for the 
add treatment, the treatment and the treat- 
ment time are changed depending on the 
kind of the day mineral and the treatment 
method, and it is difficult to specify these 70 
conditions. For example, when the acid treat- 
ment is performed according to the dry 
method, a smectite day mineral such as men- 
tioned above is intimately contacted with 03 
to 1.5 equivalents, especially 0.5 to 1.2 equi- 75 
valents, based on the basic component in the 
day, of an add as it is or in the form of 
an aqueous solution in such a proportion that 
the amount of the add or its aqueous solution 
is 0.5 to 12 parts by weight per part by BO 
weight of the day on the dry basis, to thereby 
form directly a plastic or solid reaction pro- 
duct and this reaction product is treated in an 
aqueous medium at a pH lower than 1 to re- 
move the basic metal component in the reaction 85 
product by extraction. The basic metal com- 
ponent l e f e rred to includes all the bask 
components contained in the clay, such as 
alkali metal, flUt-fllm*! earth metal, iron and 
aluminium components. When the mfring go 
ratio of the day and the acid or its aqueous 
solution is maintained in the above-mentioned 
range, a solid or creamy admixture is formed. 
This admixture is maintained at 60 to 300°C 
for 10 to 600 minutes under such conditions 95 
that the X-ray diffraction peak of the plane 
index [001] substantially disappears, whereby 
the reaction is completed. Then, soluble basic 
components in the reaction product are ex- 
tracted and removed by treating the reaction 100 
mixture in an aqueous medium having a pH 
lower than 1, preferably a pH lower than 0.5. 
In order to prevent hydrolysis of the soluble 
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basic components, it is important that the 
removal and extraction of the basic com- 
ponents should be performed under the above- 
mentioned pH conditions. If colloidal iron 
5 components formed by hydrolysis are in- 
cluded in the resulting activated alumina- 
silica, there is often observed a tendency that 
the yield of the resulting synthetic zeolite or 
the degree of crystallisation is considerably 

10 reduced. 

When activated alumina-silica is prepared 
by the acid treatment by solid-liquid contact 
of a granulated clay and a mineral acid, the 
mineral acid having a concentration of 10 to 

15 98% is added to the clay in an amount of 
0.01 to 0.1 part by weight per part by weight 
of the clay on the dry baas ami the mixture 
is granulated to form a granular product 
which wiH not be disintegrated under 

20 conditions of the subsequent acid treatment. 
This nonnlisantegratable granulated clay is 
immersed in an aqueous solution of a mineral 
add having a concentration of 5 to 72%, es- 
pecially 10 to 50%, at a temperature in the 

25 range of from room temperature to the boil- 
ing point of the add solution for 05 to 100 
hours so that the X-ray diffraction peak of 
the plane index [001] substantially 
disappears. 

30 The acid treatment of the clay mineral can 
also be accomplished according to the wet 
method in which the clay is dispersed in a 
mineral add such as sulphuric acid having 
a concentration of 5 to 98% and the clay is 

35 treated in the slurry state. In this case, the 
acid treatment conditions may be the same 
as those adopted in the above-mentioned acid 
treatment for the granulated day. 
In this invention, activated silica or acti- 

40 vated alumina-silica is thus formed according 
to the degree of the add treatment. This 
product has much higher activities, especially 
a much higher surface activity, than the un- 
treated clay mineral or a product acid-treated 

45 under conditions outside the range specified 
in this invention. Preferably the activated 
silica or alumina-silica intermediate that is 
used in this invention has an aromatic ad- 
sorption index (AAI) of at least 16, more 

50 preferably 20 to 60, as measured according 
to the method described bdow. In view of 
the fact that untreated clay minerals have, 
in general, an AAI value lower than 15, it 
will readily be understood that the activated 

55 silica or alumina-silica formed by the above- 
mentioned add treatment has a remarkably 
high surface activity. It is believed that be- 
cause of this high surface activity, a synthetic 
zeolite for a detergent builder which has a 

60 very fine primary particle size and an ex- 
cellent crystallinity can be obtained from this 
intermediate according to this invention. 

(v) Method for determination of AAI 
values: 

65 A sample which has been appropriately 



pulverised in a mortar in advance is charged 
in a plugged weighing bottle having a suitable 
capacity, and the bottle is allowed to stand 
still for 3 hours in a drier maintained at 
150 ± 5°C and then placed in a desiccator. 70 
The content is thus cooled to room tem- 
perature naturally to form a test sample. 

In a clean test tube for a centrifuge is 
charged 1 ± 0.005 g of the test sample, 
and 2 + 0.05 cc of a liquid mixture com- 75 
prising 30 parts by volume . of anhydrous 
toluene and 70 parts by volume of anhydrous 
isooctane is added to the test sample by using 
a microburet Then, the test tube is plugged 
and is shaken with a shaking angle of about 80 
60° from the vertical line while the head of 
the tube is being ligfrtly pressed, to thereby 
disperse die sample sufficiently in the liquid. 

A rubber cap is set on the head portion of 
the test tube so as to prevent falling-out of the 85 
plug of the tube, and the test tube is attached 
to a shaking machine and shaken at a rate 
of 100 reciprocations per minute. Then, the 
test tube is subjected to an action of a centri- 
fuge to form a supernatant. Refractive indexes 90 
of the obtained supernatant and the starting 
liquid mixture are measured by Abbess re- 
fractameter, and the AAI value (the aromatic 
adsorption index) is calculated according to 
the following formula: 95 

Aromatic adsorption index 

(AAI)= [toi-O^lXlO* 
wherein (pj>)i denotes the refractive 
index of the liquid mixture comprising 
30 parts by vohnne of toluene and 70 100 
parts by volume of isooctane, and (n©* 0 ), 
represents the refr ac tiv e index of the 
supernatant. 

Alkali Pre-Treatmem 

One of the important features of this in- 105 
vention resides in the novel finding, that when 
the activated silica or activated ahiminosflica 
obtained by the add treatment of a smectite 
clay mineral is treated with an alkali hydrox- 
ide or a water-soluble alkali metal silicate 110 
(prior to die synthesis erf the intended zeolite) 
to form an alkali metal potysilicate or alkali 
metal polyaluminosilicate having a composi- 
tion in which the Na^O/SiO* molar ratio is 
in the range of from 1/3.5 to 1/500, prefer- 115 
ably from 1/4 to 1/400, especially preferably 
from 1/7 to 1/300, a zeolite having an ex- 
tremely fine particle size and excellent builder 
characteristics can be obtained. 

In contrast, as shown in sample H — 3 of 120 
Example 1 given hereinafter, if activated 
silica obtained by the add treatment of a 
smectite clay mineral is directly mixed with 
aluminium and alkali metal components and 
water for zeolite crystallisation, the resulting 125 
zeolite has a primary particle size larger than 
1 fi and has insufficient water cUspersibility 
and rinsing property. Further, as shown in 
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sample H — 4 of Example 2, even if an alkali 
hydroxide is added to the activated silica 
before mixing with the other components for 
zeolite crystallisation, the resulting zeolite 
5 still has a primary particle size considerably 
larger than 1 /t and has less than excellent 
water dispersibility and rinsing property if 
the silica-alkali mixture has a cotnposition 
similar to that of commercial water glass, 

10 rather than that specified above for the pre- 
sent invention. 

The reason why a primary particle size 
smaller than 1 ft can be obtained by this 
invention is not fully understood, but is 

15 thought to involve the presence of a great 
number of crystal nuclei in the zeolite crys- 
tallisation system, possibly due to a very high 
nudeus-foiming speed combined with a rda- 
tivdy low crystal-forniing speed, when the 

20 silica-alkali intermediate has the above speci- 
fied composition. The multi-layer crystal 
structure of the smectite clay mineral, prefer- 
ably together wtih the basic three-layer struc- 
ture, is destroyed by the add treatment, and 

25 is is believed that by the specified alkali inter- 
mediate treatment the tetrahedral layer com- 
posed of SiQ« is combined with the alkali 
and provides prompdy a great number of 
crystal nuclei for the zeolite crystallisation. 

30 The pre-treatment of the acid-treated day 
with an alkali metal hydroxide or a water- 
soluble alkali metal silicate may be accom- 
plished by any convenient method, provided 
that the above-mentioned Na^/SiO* molar 

35 ratio requirement is satisfied and both the 
components are intimately contacted with each 
other. In order to attain an intimate contact 
between both the components, it is preferred 
that both the components be contacted in 

40 the presence of water in an amount of 1 to 49 
parts by weight, especially 2 to 19 parts by 
wright, per part by weight of the acid-treated 
clay. This water may be mixed with either 
the acid-treated clay or the alkali metal 

45 hydroxide or water-soluble alkali metal sili- 
cate or both, it being preferred that an 
aqueous slurry of the acid-treated day be 
mixed with an aqueous solution of the alkali 
metal hydroxide or water-soluble alkali metal 

50 silicate. 

Since the acid-treated day per se has a 
high activity, good results are obtained even 
when the alkali treatment is carried out at 
room temperature, but if desired, the tem- 

55 perature may be elevated to about 70°C A 
preferred treatment temperature is in the 
range of from room temperature to the boil- 
ing point of the mixture, especially from 
20 to 95 °C. The time for aging the mixture 

60 of both the components is changed depending 
on the temperature, but in general, the pre- 
treatment is carried out for 02 to 100 hours, 
especially 2 to 50 hours. 
The alkali treatment may be performed 

65 under atmospheric pressure, but if desired, 



can be conducted under heating at a pressure 
of up to about 5 atmospheres (gauge) in an 
autoclave or other sealed vessel. It also is 
possible to perform the treatment in a drying 
atmosphere. In this case, the treatment can 70 
be completed while drying the mixture of 
the acid-treated day and alkali component. 
When the mixture of the arid-treated day 
and alkali component is in a pasty or plastic 
state, the mixture may be moulded into 75 
granules, and the granules may be steamed 
in a water vapour atmosphere and dried or 
heated, whereby the intended treatment is 
accomplished. 

Adjustment of Particle Size 80 

In order to obtain a finely divided zeolite 
in this invention, it is preferred that the 
particle size of the alkah metal poiysiiicate 
or alkali metal rxrfyahiminosilicate to be used 
for the zeok^e-ciystallisation be adjusted so 85 
that particles having a size smaller than 5 y. 
occupy at least 20% by weight, preferably 
50% by weight, of the total parades and 
particles having a size larger than 20 p occupy 
less than 30% by weight, preferably less than 90 
10% by weight, of the total particles. 

This particle size adjustment may be per- 
formed before the add treatment, during the 
acid treatment, after the add treatment (be- 
fore the intermediate alkali treatment), during 95 
the intermediate alkali treatment or after that 
alkali treatment. If desired, it is possible to 
perform this particle size adjustment in two 
or more stages, for example, (hiring the acid 
treatment and during the alkali treatment. 100 
For example, when the starting day to be 
subjected to the add treatment is subjected 
to one or more of dry and wet pulverising 
operations and classifying operations using a 
hydraulic elutriation, an an? ehitriation, a 105 
liquid cyclone, or a fluidised bed, the particle 
size of the raw material for the alkali metal 
poiysiiicate or f^yalummrisilicate can be ad- 
justed as required. When the particle size 
adjustment is thus made on the starting clay, 110 
impurities such as stone and sand contained 
in the raw day mineral are effecti v e l y removed 
and a silica or ahrminosilica intermediate 
having an enhanced reactivity can be obtained. 
Therefore, in this invention, there is advart- 115 
tageousjy adopted, for example, a method in 
which a fluiinsing gas is blown into an as- 
produced starting smectite day mineral under 
agitation to separate the raw material into an 
upper fluidised layer of fine day particles 120 
and a lower fixed or slightly fluidised layer 
of coarse particles containing stone, sand and 
other impuritiesL 

Further, an alkali metal potysflkate or alkali 
metal polyah im irtnsiHrate intermediate for 125 
the synthesis of the finely divided zeolite, 
which has the above-mentioned particle size 
distribution^ can be obtained by wet-pulveris- 
ing an acid-treated day (add-washed day) 
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or an alkali-treated product in a pulveriser 
sucb as a ball mill, a tube mill* a mixer, 
an attnto r, or a shaking mill and, if necessary, 
classifying the resulting pfrTficfes by a liquid 
5 cyclone or other means. 

Of course, h is possible to perfo r m the 
particle size adjustment simultaneously with 
the add treatment or the alkali treatment. 
In this case, a slurry of the starting day and 

10 an add or a slurry of the acid-treated day 
and an alkali is preferably treated in a pul- 
veriser such as a ball mill or a mixer or a 
highly shearing agitator. The slurry is passed 
trrough a classifying rnachine such as a liquid 

15 cyclone during the acid or alkali treatment or 
after the add or alkali treatment to collect 
particles having a desirable size. By any of 
the foregoing particle size adjustment treat- 
ments, an mtermediate having the above- 

20 mentioned desirable particle size distribution 
can be obtained. 

If necessary, such treatments as watep wash- 
ing and drying may be performed before or 
after the acid treatment, the alkali treatment 

25 and the particle size adjustment The alkali 
metal poiysificate or rxrfyaliiinmosiicaie inter- 
mediate, which has been subjected to the 
above-mentioned treatments, is used for the 
synthesis of the intended zeolite in an op- 

30 txonal form, for example, a dry powder, a 
cake or a shiny. 



35 



40 



45 



50 



55 



form of a compound or mixture of both the 
components. Use of an alkali metal aimninate 
is esrjedany preferred When an alkali metal 
a himmate is employed, if an* excessive amount 60 
of the alumina or alkali metal components 
is necessary, such component Is fed to the 
reaction system in? the alkali metal aTumtnat^ 
Id known processes for production of zeo- 
lite of the type A, zeolrte-foiming com- 65 
ponents are present in the crystallisation mix- 
ture in the following ratios (based on the 
oxides): 



Preparation of Homogeneous Mixture 

According to the. process of this invention, 
the above-mentioned finery divided alkali' 
metal po lysflicate or polyaluminosfficate Js 

rnrrtH^ WTtfa aa^dSonal amounts Of al n m i i Ht 

and alkali metal -components and water and 
the mixture is aged if necessary to form a 
homogeneous mixture having the specified 
composition capable of forming zeolite of the 
type A. 

As the alumina component, there can be 
used, for example, fine powders of amor- 
phous ahimina such as hydrogel and xerogel 
of aluminium hydroxide, aTumfna mono- 
hydrate such as boehmite and pseudo- 
boehmhe, ahrnima trihydrate such as bayerite, 
gibbshe and nordstrandhe, and active aWnin^ 
such as y-ahimfna, ^-alumina, 3-alumina, 
K-alumina, 0-aiumina, and x-alumina. As the 
alkali metal component, there can be prefer- 
ably employed alkali metal hydroxides such 
as sodium hydroxide, potassium hydroxide 
and lirfiium hydroxide. The nlrnnrmi and 
alkali metal components may be used in the 



Onlinary Preferred 

Range 70 



SiO,/AlA> 
Na,O/Si0 2 
H fl O/Na*0 



0.06— 5 0.1— 35 

03 — 18 OS— 5 

4 —300 15 —150 



The advantageous product of the present 
invention is achieved by the use of the g>m» 
mixing ratios in the crystallisation mixture, 
but with the specified Na^O/SiO, ratio in 
the intennediate which is in co rp or ated in the 
crystallisation mixture. 

It is preferred to avoid direct addition of 
an alkali metal hydroxide to the alkali metal 
pofysOicate or alkali metal polyahiminosflicate 
m such an amount as will sofabflise the inter- 
mediate. When this intermediate is directly 
mixed with a large ammmr of an alfaiK metal 
hydroxide, a zeolite having a coarse particle 
size tends to crystallise out, and this tendency 
is especially conspicuous when a water-soluble 
alkali metal silicate is used as the sHicr com- 
ponent: Accordingly, it is preferred that an 
alkaline aqueous solution of an alkali metal 
aluminate be gradually gfldcd to an aqueous 
dispersion of the aDcali metal pofysilicate 
or alkali metal rxriyaluminosilicate. Of course, 
an aqueous dispersion of the alkali metal 
polysiHcare or alkali metal rwlyalunmiosilicate 
and a solution of an alkali metal aluminate 
may be added continuously or intermittently 
into water simultaneously or alternately. 

Since a solid silicate or ammmosukate 
intermediate is used for the synthesis of zeo- 
lite, there is an optimum alkali concentration 
in the crystallisation mixture for obtaining 
a zeolite having a high degree of crystallisa- 
tion and a fine partirie size. It is pre fe ried 
that the alkali concentration (CA, mole %), 
denned by the following formula, be in the 
range of from 7 to 025 mole %, especially 
from 5 to 0.5 mole %: 



75 



80 



85 



90 



95 



100 



105 



110 



CA (mole %)=- 



[Na*0] 



[SiO,] + [A1A 1 + [Na^O] + [H,0] 



X100 



wherein [SiQ,], [A12Q,], [Na a O] and 
[H,0] represent mole numbers of SiOs, 
AlsO* Na,0 and H 2 0, respectively, in the 
mixture. 



Moreover, in order to prepare a zeolite 115 
especially suitable as a detergent builder, it 
is desirable to control formation of sodalite 
hydrate effectively, for which purpose it is 
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preferred that the alkali concentration satisfy the following empirical formulae: 

1 1 

24 > t.exp [13X10* ( )] > 0.5 (1) 

363 T 

and 

1 1 

6-0.12T.exp [1.3X10 4 ( )] > CA (2) 

363 T 



wherein t stands for the crystallisation time 
5 (hr), T stands for the crystallisation tem- 
perature (°K, absolute temperature), and 
CA stands for an alkali concentration 
(mole %) in the zeoh'te-forrning homo- 
geneous mixture. 

10 When this alkali concentration is higher 
than 7 mole %, the tendency for crystallisa- 
tion of sodalite hydrate is undesirably en- 
hanced, though this tendency differs to some 
extent depending on the temperature or time 

15 for tntm'ng the zeoHte-forming components 
as described hereinafter. A sodalite hydrate- 
containing zeolite has inferior ralcfnm ion 
binding ability and washing power is there- 
fore low when it is used as a detergent builder. 

20 When the alkali concentration is lower than 
0.25 mole %, the resulting zeolite tends to 
have coarser jparticles. 

Incorporation of colloidal iron compounds 
such as colloidal iron hydroxide into the 

25 crystallisation mixture must be avoided as 
far as possible. la general, imiustriahy avail- 
able alkali metal ahrminares contain about 100 
to about 5000 ppm, based on the oxide, of 
colloidal iron. We have found that if such a 

30 commercially available alkali metal alurninate 
is used for the synthesis of zeolite, an un- 
desirably long rime is required for crystallisa- 
tion and sodalite hydrate is formed, resulting 
in reduction of the calcium ion binding ability, 

35 as aforesaid. Also, the resulting zeolite is 
coloured reddish brown to an unacceptable 
extent: These difficulties can be overcome by 
^tilting such commercially available alkali 
metal ahiminat* with water so that the con- 

40 centration as A1A is 3 to 20% by weight, 
thus flocculating the colloidal iron compounds 
which may then be removed by filtration to 
reduce the concentration of colloidal iron to 
a level lower than 50 ppm (as FeaO»). 

45 When a commercially available sodium 
silicate solution is mixed with a commercially 
available sodium alurninate solution, since the 
respective components are gelled and highly 
viscous, a heterogenous gel is readily formed. 

50 In contrast, in this invention, by using the 
above-mentioned specific zeolrte-forming mat- 
erials and adopting the abovennentioned 
specific miYing method, an entirely homo- 
geneous slurry can easily be obtained without 

55 such difficulty. This slurry may be aged under 
agitation, if desired. The aging temperature 
and time are not particularly critical, but in 



general, it is preferred that the aging be car- 
ried out at 0 to 50°Q especially 10 to 30°C, 
for 0.1 to 100 hours, especially 1 to 20 60 
hours. 

Crystallisation of Synthetic Zeolite 

The above-mentioned homogeneous mix- 
ture having a specific composition is heated 
to crystallise out a finely divided zeolite 65 
having a primary particle size smaller than 

1 pi. 

It is preferred to crystallise the zeolite par- 
ticles from a slurry at a temperature of 60 to 
200°Q especially 70 to 100°C, over a period 70 
of 0.1 to 500 hours, especially 0J to 50 hours. 
While it is possible to conduct the crystallisa- 
tion under a pressure generated by the reaction 
or under pressurisation with an inert gas in 
an autoclave or other pressure vessel, this 75 
is not essential The zeolite particles can be 
crystallised out under mud conditions. 

Agitation conditions are not particularly 
critical to the crystallisation, an ordinary crys- 
tallising tank equipped with an ordinary agi- 80 
tator being convenient for the present 
purposes. 

The so formed "synthetic type A zeolite in 
the form of very fine particles can be used 
as a detergent builder either in the as- 85 
prepared slurry form or after it has been 
subjected to a known solid-liquid separation 
operation such as nitration or centrifugal 
separation and to water washing and drying. 

The synthetic zeolite is preferably separated 90 
from the mother liquor m a state where it 
contains at least a part of the excess alkali 
included in the mother liquor, and an acid 
or acidic salt is preferably added to the so 
separated composition to neutralise the alkali 95 
so that the pH of a suspension of the com- 
position is not lower than 9.0, whereby the 
zeolite buffer capacity (S) [described in detail 
in the aforementioned Application No. 
47950/76) (Serial No. 1 571 003) can be re- 100 
markably improved. As such acid or acidic 
salt, there can be employed those having a 
pKa value of at least 2, especially at least 
2.5, for example, phosphorus oxy acids such 
as phosphoric aad, phosphorous acid and 105 
metaphosphoric acid, acidic salts of these 
phosphorus oxy acids, inorganic acids such 
as carbonic acid, boric acid, monosodmm 
borate and activated silica solutions, organic 
adds such as citric acid, oxalic acid, tartaric 110 
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add, succinic acid, maleic acid, malonic acid, 
gluconic acid, itaconic acid, thioglycolic acid, 
ethylenediamine-tetraacetic acid, intrilotri- 
acetic add, diglycolic add, siilphofraconic 
5 add, trimesic add, piyomdlitic add, poly- 
acrylic acid, maleic a^ydridememyl vinyl 
ether copolymers and carrjoxymethyl celmbse, 
and addic salts of these inorganic and organic 
acids. 

10 When phosphoric acid or its addic salt is 
used for neutralizing the excess alkali, by 
heating the resulting phosphate^containing 
zeolite at an elevated temperature, for ex- 
ample, 300°C or higher, the phosphate may 

15 be converted to a condensed phosphoric acid 
salt, for example, a pyrophosphate. 

Use 

The synthetic zeolite can be combined 

20 with various surface active agents for use as 
detergent compositions. As such surface active 
agent, there can be mentioned, for example, 
anionic surface active agents such as sodium 
salts of fatty adds, sodium salts of higher 

25 alcohoi-sulphuric acid esters, sodium alkyl 
benaKne-sulphonates, sodium salts of alkyl 
sulphates, alkylolamide sulphuric add esters, 
a-olefin sulphonates, sodium alkyl sulphonates, 
sodium alkyl napmiialene^su^honates, sul- 

30 phonated fatty add esters, sulphonated 
heterocyclic compounds, sulphonated fatty 
acid amides, sodium dialkyl suphosucdnates, 
fatty acM-^mino acid condensates and Turkey 
red oil; non-ionic surface active agents such 

35 as pofyDxyethykne alkyl ethers, polyoxyethy- 
lene alkyi aryi ethers, poryerhylene glycol fatty 
acid esters, poiyoxyethylene ratty acid esters, 
polyoxyethylene fatty add amide ethers, pofy- 
hydric alcohol fatty add esters, polyoxyethy- 

40 lene poryhydric alcohol fatty add esters and 
alkylolamides; and amphoteric surface active 
agents such as betaine type surface active 
agents, imidazoline type surface active agents, 
sulphonic acid type amphoteric surface active 

45 agents and alanine type amphoteric surface 
active agents. These surface active agents 
may be used singly or in the form of mixtures 
of two or more of them. 
The so formed detergent compositions may 

50 further comprise one or more of other in- 
organic and organic builders according to 
the intended use. As the inorganic builder, 
there can be mentioned, for eramplg, poly- 
sOicate builders, sodium silicate, sodium car- 

55 Donate, sodium bicarbonate, sodium sesqui- 
carbonate, sodium orthophosphate, sodium 
pyrophosphate, potassium pyrophosphate, 
sodium txipoJypbosphate, sodium tetraphos- 
phare, sodium hexametaphosphate, borax, 

60 sodium chloride and sodium borate. As the 
organic builder, there can be mentioned, for 
example, sodium citrate, sodium oxalate, car- 
boxymethyl cellulose, sodium mtrDofriacetate, 
sodium diglycolate, sodium gK^maTTj sodium 

65 hydroxysucdnate, sodium meflitate, sodium 



etlylenediamine-tetraacetete, sodium poly- 
maieate, sodium polyitaconate, sodium pory- 
mesaconate, sodium poryfumarate, sodium 
polyaconitate, sodium porydtraconate, sodium 
poi^ethyienetnalonate, sodium carboxy- 70 
methoxymalonate, sodium carboxymemoxy- 
succinate, sodium d5wy^1fyhe y^ ne-» h p,g flc g r - 
boxyiate, sodium ds-K7clopentane-tetracar- 
boxylate and sodium phloroglucinol- 
trisulphonata. 75 

These detergent compositions may further 
comprise known additives customarily used 
in this field, for example, bubble-controlling 
agents, fluorescent whitening agents, bluing 
agents, other colorants, perfumes and caking 80 
preventing Agents. 

The synthetic zeolite is preferably incor- 
porated in a detergent composition in an 
amount of 0.1 to 95% by weight, especially 
1 to 50% by weight, based on solids, depend- 85 
ing on the intended use of the detergent 

By virtue of the above-mentioned various 
characteristic properties, the synthetic zeolite 
builder can be used e ffe ctiv d y for powdery 
and granular detergents, especially household 90 
laundry detergents. Further, it must be noted 
that the foregoing various advantages of the 
synthetic zeolite can similarly be attained 
when it is used in various dry-cleaning deter- 
gents, liquid detergents, solid soaps, powdery 95 
soaps, washing powders, detergents for /table 
wares, detergents for glass and tHes and de- 
tergents for automobiles. 

Embodiments of this invention will now be 
described in detail by reference to the follow- 100 
ing Examples and Comparative Examples. 

EXA MPLE 1. 

This Example illustrates the preparation 
of a synthetic zeolite for detergent builders 
from acid clay produced in Nakajo, Niigata 105 
Prefecture, Japan, as the smectite day 
mineral. 

The acid clay produced in Nakajo, Niigata 
Prefecture, Japan, which was used in this 
Example, contained 45% by weight in the 110 
as-r/rodnced state, and the m^nti fc oxide com- 
position of the day (based on the product 
dried at 110°C) was as follows: 



Si0 2 72.1 % by weight 

MO, 142 % by weight 115 

Fe^O, 3.87 % by weight 

MgO 325 % by weight 

CaO 1.06 % by wright 

Ignition loss 3.15 % by wd£ht 



The starting add day was moulded into 120 
columns having a diameter of 5 mm and a 
length of 5 to 20 mm, and 1250 Kg (as the 
dried product) of the moulded clay was 
charged in a lead-lined wood tank having 
a capacity of 5 m 3 and 3300 I of sulphuric 125 
add having a concentration of 47% by weight 
was added thereto, Then, the temperature 
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was elevated to 90 °C and the acid treatment 
of the clay granules was carried out for 40 
hours. Sulphates of basic components which 
had reacted with sulphuric acid were removed 

5 by decantation using a dilute solution of sul- 
phuric acid and water, and the water washing 
was conducted until no sulphate ion was de- 
tected Thus, a granular acid-treated product 
was obtained. 

10 The degree of destruction of the crystal 
structure of the above granular acid-treated 
product was determined from the X-ray 
diffraction peaks. The granular acid-treated 
product was dried for 2 hours in a drier main- 

15 rained at 110°C and the dried product was 
analysed. Obtained results are shown in Table 
1. This acid-treated product will hereinafter 
be referred to as "activated sflica" (having a 
water content of 50% by weight) (sample 

20 1—1). 

TABLE 1. 
Acid-Treated Product 

Sample 1 — 1 



Composition (% by weight) 

Ignition loss 3.71 

SiO, 9426 

A1 2 0 3 127 

FeA 039 

MgO 030 

CaO 0.07 

Si0 2 /Al,0 3 Mole Ratio 1262 

AAI 38 

[001] DC (%) undetectable 

[020] DC (%) 2 



The above activated silica was wet-pul- 
verised in a ball mill while adding water to 
adjust the concentration to 20% by weight, 
25 to obtain an activated silica slurry (sample 
1 — 2) having a particle size distribution shown 
in Table 2 (as measured by particle size 
measurement device Model PSA — 2 manu- 
factured by Hitachi Seisakusho K.K.). 

TABLE 2. 
Particle Size Distribution 

Sample 1—2 
smaller than 5 /t 46.0 % 

5 to 20 n 54.0 % 

larger than 20 p. 0 % 

A stainless steel vessel having a capacity 
of 2 m 3 was charged with 79.6 Kg of the 
slurry (sample 1 — 2) and 46.6 Kg of a com- 
mercially available caustic soda solution (con- 

35 taming 49% of NaOH) was added thereto. 
The mixture was agitated at 60°C for 6 hours 
to obtain an alkali metal polysilicate A having 
a composition corresponding to Na 2 O8,8Si0 2 . 
For comparison, in the same manner as 

40 described above, the same commercially avail- 
able caustic soda solution was added to the 
above slurry (sample 1 — 2) at 20°C to obtain 
a slurry B having a cmnposhion corresponding 



to Na 2 0*8.8Si02, and the slurry was im- 
mediately used for the preparation of a syn- 45 
thetic zeolite without aging. 

As one of the conditions for the preparation 
of a synthetic zeolite for detergent builders, 
the f llowing composition ( xide mole ratios) 
was chosen. 50 

Na 2 O/SiO e =0.9 
SiO I /Al 5 O»=2.0 
HjO/NaaO^O.O 
CA=1.9% 

An alkali metal alnminate solution having 55 
a composition of 18.54% of NajO, 19.1% of 
Al 2 O s and 62.4% of H*0 and an Na^O/AW), 
molar ratio of 1.6/1 was prepared by dis- 
solving commercially available aluminium 
hydroxide in commercially available caustic 60 
soda. This aftiminare solution was formed as 
the alkali metal alum in are solution to be added 
to the above alkali metal polysilicate A or B 
so as to attain die above composition (oxide 
mole ratios). 65 

Process for preparation of synthetic zeolite 
for detergent builders: 

Water was added to the alkali metal poly- 
silicate slurry A or B to adjust the SiO, con- 
centration to 10%, and the mixture was 70 
charged in a stainless steel vessel having a 
capacity of 3.5m 3 . A solution formed by 
adding water to the above alkali metal aru- 
minate solution under agitation at 20°C to 
adjust Na z O and AUO, concentrations to 75 
12 J % and 12.8%, respectively, was added 
to the above mixture over a period of about 
80 minutes. The mixture was once gelled and 
it was finally converted to a homogeneous 
slurry. Then, the mixture was heated at 95°C 80 
and reaction was carried out for 3 hours under 
agitation to form crystalline particles of a 
zeolite. Then, the reaction product was washed 
with water and filtered. The filter cake was 
recovered and dried in a drier maintained at 85 
110°C to obtain a synthetic zeolite (sample 
1 — 3 or sample H — 1). 

The so prepared zeolite sample 1 — 3 (de- 
rived from the alkali metal polysilicate slurry 
A) and zeolite sample H — 1 (derived from 90 
the alkali metal polysilicate slurry B) were 
tested as described hereinbefore to determine 
the X-ray diffraction crystal form and the 
primary particle size (Dp), and other para- 
meters as described in the aforementioned 95 
Application No. 47950/76 (Serial No. 
1 571 003). 

In addition to the sample H — 1 prepared 
by using the non-aged alkali metal polysilicate 
B, commercially available zeolites A and B 100 
(samples H— 2 and H — 3) were similarly 
tested as comparative samples. 

The crystal form was substantially the same 
as that of zeolite type A in each case, but 
only Sample 1 — 3 produced a primary par- 105 
tide size less than 1 m the observed values 
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being Sample 1 — 3: 0.4 /i; Sample H — 1: 
1.1 /i; Sample H— 2: 2 p; Sample H — 3: 
3 ji» Other tests, and the chemical composition 
of the zeolite and use in a detergent com- 
5 position are described in the aforementioned 
Application No. 47950/76 (Serial No. 
1571003), 

EXAMPLE 2. 
This Example illustrates influences of (he 

10 amnmnf of the alkali metal hydroxide that is 
used for the pro-treatment of activated silica. 

The activated silica slurry sample 1 — 2 
prepared in Example 1 by acid-treating the 
clay mineral was treated with sodium bydrox- 

15 ide in the following manner. 

Each of 10 glass beakers having a capacity 
of 1 litre was charged with 600 g of the 
activated silica slurry sample 1 — 2 obtained 
in Example 1. Sodium hydroxide (NaOH) 

20 was added into 9 beakers in amounts of 160 g, 
54 & 40 & 32 g, 23 & 16 g, 11 & 8 g and 
033 g, respectively, while no sodium hydrox- 
ide was added to the remaining one beaker. 
The treatment was conducted at 90°C under 

25 agitation to form alkali metal polysilicate 
compositions in which the Na^O/SiOj molar 
ratios were 1/1, 1/3, 1/4, 1/5, 1/7, 1/10, 
1/15, 1/20 and 1/500, respectively. 
The alkali metal polysilicate composition 

30 hi which the NaeO/SiOj molar ratio was 1/1 
was kept substantially in the solution state. 

The activated silica slurry (no sodium 
hydroxide was added) and the so formed 
alkali metal polysilicate compositions were 

35 mixed with a solution of sodium ahimtnfltp- 
(having an Al 2 O a concentration of 19.09% 
and an Na^O concentration of 22.49%) and 
sodium hydroxide to form gelatinous slurries 

of Sodium aliimfnog fljcirft*, Tn f*arh nm 3 the 

40 composition was adjusted so that the 
SiOo/AlsQs molar ratio was 2.0 and the CA 
value was 1.62 mole %. Each slurry was 
reacted under heating at 90°C for 6 hours 
to crystallise out a synthetic zeolite. 

45 There were thus obtained the following 
synthetic zeolites; namely sample H — 4 (no 
sodium hydroxide was added), sample H — 5 
(the Na 2 0/Si0 2 molar ratio at the pre- 
treatment was 1/1), sample H — 5A (the 

50 NazO/SiOz molar ratio at the pie-treatment 
was 1/3) and samples 2 — 2, 2 — 3, 2 — 4, 
2—5, 2—-6, 2—7 and 2—8 (the NaaO/SiO, 
molar ratios at the pre-treatment were 1/4, 
1/5, 1/7, 1/10, 1/15, 1/20 and 1/500, 

55 respecrfrelv). 

Properties of the so obtained synthetic zeo- 
lites were determined in the same manner 
as described hi Example 1, the crystal form 
being substantially that of type A zeolite in 

60 each case and the primary particle sizes (Dp) 
being: — 





up fl 


XT A 
XI '1 




H— 5 




H— 5A 


1.0 


2—2 


0.9 


2—3 


0.8 


2-4 


0.8 


2—5 


05 


2—6 


0.4 


2—7 


0.4 


2—8 


0.6 



Other tests and use of the zeolites in deter- 
gent compositions are described in the afore- 
mentioned Application No. 47950/76 (Serial 75 
No. 1571 003). 

EXAMPLE 3. 
This Example illustrates influences of con- 
ditions of the pre-treatment of activated silica. 

(A) To 600 g of the activated silica slurry 80 
sample 1 — 2 prepared in Example 1 was 
added 7.6 g of sodium hydroxide so that the 
Na £ 0/Si0 2 molar ratio was 1/21. The mix- 
ture was aged under agitation for 15 hours 

at 20 ± 2°C to form an alkali metal poly- 85 
silicate slurry. Then, sodium alnminate was 
added to the slurry so that the NasO/SiOs 
molar ratio was 1.0, the Si0 2 /Al 2 0« molar 
ratio was 2.0 and the HjO/Na^O molar ratio 
was 60. Then, the resulting gelatinous slurry 90 
of sodium aluminosDicate was heated at 90°C 
to effect crystallisation and obtain a synthetic 
zeolite (sample 3 — 1). 

(B) To 100 g of the activated silica sample 

1 — 1 (haying a water content of 50%) do- 95 
scribed in Example 1 was added 3.2 g of 
sodium hydroxide so that the NasO/SiOs 
molar ratio was 1/21. The mixture was suffi- 
ciently kneaded in a mortar and dried in a 
drier maintained at 110°C Then, water was 100 
added to the resulting alkafi metal polysilicate 
so that the SiO s concentration was 10% by 
weight, and the mixture was pulverised in a 
ball milL Then, sodium aTurntnafe was added 
to the resulting alkali metal polysilicate slurry 105 
so that the NaaO/SiO, molar ratio was 1.0, 
the SiOi/AlsO, molar ratio was 2.0 and^the 
H 2 0/Na 2 0 molar ratio was 60. The resulting 
gelatinous slurry of sodium aluminosilicate 
was heated at 90°C to effect crystallisation 110 
and obtain a synthetic zeolite (sample 3 — 2). 

Physical properties of these zeolite samples 
3—1 and 3—2 were deteamined m the same 
manner as described in Example 1, the crystal 
form being substantially the same as that of 115 
type A zeolite and the primary particle sizes 
being 0.4 ft for Sample 3 — 1 and 0.7 /* for 
Sample 3—2. Other tests and use in detergent 
compositions are described in the aforemen- 
tioned Application No. 47950/76 (Serial No. 120 
1571 003). 
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EXAMPLE 4. 
This Example illustrates an embodiment 
comprising drying and pulverising activated 
silica obtained by acid-treatment of the clay, 
5 adding water to the resulting powder of acti- 
vated silica to form a slurry, adding a com- 
mercially available sodium silicate solution to 
the slurry to effect the pie-treatment, adding 
a solution of sodium aluminate to the result- 
10 ing sodium polysQicate and crystallising out 
a zeolite. 

The sodium silicate solution was mixed 
with the activated silica slurry sample 1 — 2 
prepared in Example 1 so that the NasO/SiO. 

15 molar ratio in the resulting composition was 
1/4, 1/6, 1/8, 1/10, 1/15, 1/20 or 1/500. 

Tlien, a sodium ahimmam solution having 
an Al 2 Oj concentration of 19.09% and an 
Na a O concentration of 22.49% was added 

20 together with water and sodium hydroxide 
to the above alkali polysilicate composition 
so that the NasO/SiO s molar ratio was 1.32, 
the SiOt/AlsO, molar ratio was 1.94 and the 
HjO/Na 2 0 molar ratio was 61.8. The result- 

25 ing gelatinous slurry of sodium alummosilicate 
was heated and reacted at 90°C for 6 hours 
to crystallise out a synthetic zeolite. 

There were thus obtained synthetic zeolites; 
namely sample H — 7 A (the Na,0/SiO* molar 

30 ratio was 1/4 in the alkali polysilicate com- 
position) and samples H— 7B, 4—3, 4—4, 
4_.5, 4—6 and H— 7C (the Na*0/SiO, molar 
ratios in the alkali polysilicates compositions 
were 1/6, 1/8, 1/10, 1/15, 1/20 and 1/500, 

35 respectively). 

For comparison, in the same maimer as 
described above, the above sodium aluminate 
solution was added to die sodium silicate solu- 
tion and a synthetic zeolite (sample H— 6) 

40 was prepared from the resulting sodium alu- 
yptnns iKctt te gelatinous slurry. 

Another comparative zeolite builder (sample 
H — 7) was prepared according to the teaching 
of Japanese Patent Application LaM-Open 

45 Specification No. 12381/75 in die following 
manner: 

Powder of activated silica was added to the 
sodium silicate solution to form sodium sili- 
cate having a composition corresponding to 

50 Na 2 06SiO„ and the sodium silicate was 
added together with water and sodium hydrox- 
ide to sodium ahrnitnate so that the 
NajO/SiOst molar ratio was 132, the 
Si0 2 /Al 2 O 3 molar ratio was 1.94 and the 

55 H 2 0/Na 2 0 molar ratio was 61.8 in the result- 
ing sodium aluminosilicate gei Then, die 
mixture was agitated and blended at a rota- 
tion speed of 10000 to 12000 rpm by using 
an agitating mixer (Model VA— 853 manu- 



factured by Hitachi Seisakusho K.K.). The 60 
resulting sodium aluminosilicate gel shiny 
was heated and reacted at 80°C for 24 hours 
under agitation to form a synthetic zeolite 
(sample H— 7). 

Properties of these zeolites were determined 65 
in the same manner as described in Example 
1 the crystal form being substantially the 
same as that of type A zeolite in each case, 
and the primary particle sizes (Dp) being: — 



Sample 


Dp 00 


H— 6 


2.1 


H— 7 


5.4 


H— 7A 


1.0 


H— 7B 


1.0 


H— 7C 


li) 


4—3 


* 0.8 


4—4 


0.6 


4—5 


0L6 


4—6 


0.7 



Other tests and use in detergent composi- 80 
dons are described in the aforementioned 
Application No. 47950/76 (Serial No. 
15710(B). 

EXAMPLE 5. 

In this Example, the same add clay as 85 
used in Example 1, that was produced in 
Nakajo, Niigam Prefecture, Japan, was treated 
with sulphuric acid under various conditions. 

The starting acid day was moulded m 
columns having a diameter of 5 mm and a 90 
length of 5 to 20 mm, and 765 g each of 
the moulded day as calculated as the dried 
product was charged into four conical 
beakers having a caparity of 500 ml Then, 
200 ml of sulphuric add having a concentra- 95 
tion of 50% by weight was added to each 
beaker. Then, the granular clay was acid- 
treated at 90°C for 2, 8, 20 or 30 hours. 
Sulphates of basic components that had 
reacted with sulphuric add were washed 100 
away and removed by decantatian using dilute 
sulphuric acid and water. Hie recovered acid- 
treated clay was washed with water until 
sulphate ion was not detected at alL Thus, 
there were obtained 4 add-treated days. The 105 
starting add day was designated as sample 
5 — 1, and products acid-treated for 2, 8, 20 
and 30 hours were designated as samples 
5 — 2, 5 — 3, 5—4 and 5—5, respectively. 

These samples 5 — 1 to 5—5 were subjected 110 
to X-ray diffraction analysis and the degrees 
of aystalhnity (DC, %) were determined 
from the diffraction peaks. Further, each 
sample was subjected to chemical analysis. 
Obtained results are shown in Table 3. 115 
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Samole 


Sfimnfe 




waunHC 


oampie 


Acid Treatment 


5 i 




5— S 


J" "I 


* j 


Time (hours) 
X-Rav Diffraction 


0(untreaied) 


2 


8 


20 


30 


Pattern 
Composition 




Fto- ± 

-Tig. *f 


lb < 

J 


x*lg. O 




(% a by weight) 












ignition loss 
SiO, 
AUQ, 

MgO 
CaO 

SiO s /Al a O, 


527 


5.5 


5j6 


3.11 


3.60 


72.1 


7622 


842 




94^21 


1423 


113 


71 


1.67 


130 


3.87 


3.18 


1.4 


0.46 


0.43 


3.47 


2.8 


12 


031 


031 


L06 


IX) 


05 


0.07 


0.15 


Molar Ratio 
AAI 

[001] DC (%) 
[020] DC (%) 


8.6 


11.47 


202 


95.8 


123.2 


8 
100 
100 


16 
18 
80 


39 

undetectable 
15 


37 

undetectable 
5 


37 

undetectable 
3 
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The above granular acid-treated products 
were treated in order to attain a particle size 
distribution suitable for the production of an 
alkali porysOicate for the synthesis of a zeolite 
builder. More spfrificaftft, the untreated start- 
ing clay or acid-treated product was put into 
a household mixer (Mode VA— 853 manu- 
factured by Hitachi Seisaknsho KK) and 
water was added thereto so that the solid 
concentration was 20% by weight* and the 
mixture was agitated and pulverised for 40 



minutes and sieved by using a 270 — Typer 
mesh sieve. Thus, a slurry of the untreated 
starring clay or acid-treated products having 
the partide size thus adjusted was obtained. 
The particle size distribution (% by weight) 
was determined to obtain results shown in 
Table 4. With respect to sample 5-4 as a 
typical insranre, the secondary particle size 
distribution (Ds) was examined in more detail 
to obtain results shown in Table 5. 
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TABLE 4 



Partide Size 
Distribution 
(% by weight) 
0-5 ft 
5—20 p 
above 20 p 



Sample Sample 


Sample 


5—1 5—2 


5-i 


65.4 65.1 


64.8 


34.6 34.9 


352 


0 0 


0 


TABLE 5 




Secondary Particle 




Size Distribution 


Sample 


(Ds) (% by weight) 


5—4 


0—1 ii 


4.6 


1—2 p. 


103 


2—3 fi 


192 


3-4 fi 


20.1 


4—5 fi 


108 


5—6 p. 


10.5 


6—7 n 


9.8 


7—8 p. 


13 


8—9 p 


72 


9—10 p 


0 



5—4 
65.0 
35.0 
0 



Sample 
5—5 
S4.9 
35.1 
0 



25 Then, 200 g each of samples 5—1 to 5—5 of sodium hydroxide were added to samples 
were charged into 1-litre capacity beaters,. 5—1 to 5—5, respectively. Each inixtutewas 
req>ertrvely,and3&32g > 3.6g,4gand4g aged at 60°C under agitation for 2 hours to 30 
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obtain an alkali metal polysilicate slurry. - 

As one of conditions for the synthesis of 
a synthetic zeolite, the following composition 
expressed in terms of oxide molar ratios was 
5 chosen: 

Na 2 O/SiO l =1.0 
SiQ 2 /Al a O«=2.0 
H 2 O/Na 2 O=60 

In order to attain die above molar ratios, 

10 necessary amounts of an alumina component 
and alkali metal and water components for 
the reaction were added id the above slurries 
of the acid-treated clays (the contents of 
SiO, and Al 2 O a differed depending cm the 

15 acid treatment conditions). More specifically, 
a commercially available sodium ahiminate 
solution (having an Na,0 content of 21.0% 
and an AlgOs content of 18.8%) was mixed 
with commercially available caustic soda 

20 (NaOH) and water so that the above com- 
position was attained, and the mixture was 
filtered to obtain a purified liquid mixture. 
The acid-treated day slurry and the resulting 
Kquid mixture were charged in a beaker 

25 having a capacity of 2 litres so that the 
amount of the reaction mixture was about 
1.5 litres. The mixture was agitated at 20°C, 
whereby the mixture once passed through a 
gelled state and was then converted to a 

30 homogeneous slurry. The temperature was 
elevated to 95°C and the mixture was agi- 
tated for 3 hours to effect reaction and form 
crystalline particles of a zeolite. The reaction 
mixture was filtered by a suction filter and 

35 washed with deionised water. The filter cake 
recovered was dried in a drier maintained at 
110°C Thus, there were obtained 5 syn- 
thetic zeolites, samples H — 8, H— 9, 5—6, 
5 — 7 and 5 — 8, from the above samples 5 — 1 

40 to 5 — 5, r especti v ely. 

Properties of the so obtained zeolites were 
determined in the same manner as described 
in Example 1, the crystal form in each case 



being substantially the same as that of type A 
zeolite (phis Na for Sample H — 9), and the 45 
primary particle size (Dp) being: 



Sample Dp Qt) 
H— 8 2.0 
H— 9 1.5 
5—6 0£ 50 

5—7 0.4 
5—8 0.3 



Other tests and use in detergent composi- 
tions are described in the aforementioned 
Application No. 47950/76 (Serial No. 55 
1571003). 

EXAMPLE 6. 
In this Example, as the starting smectite 
clay there were chosen (1) sub-bentonite pro- 
duced in Tsugawa, Niigata Prefecture, Japan, 60 
(2) white clay produced in Sanko, Niigata 
Prefecture, Japan and (3) sub-bentonite pro- 
duced in Onto, USA, they were acid-treated 
and synthetic zeolites were prepared from . 
slurries of fine particles of the acid-treated 65 
clays. 

To 500 g of the satrting day was added 
9500 g of water, and the mixture was pul- 
verised in a ball mill. The resulting slurry 
was subjected to classification and hydraulic 70 
dutriation by using a liquid cydone to remove 
impurities and subjected to evaporation to 
adjust the water content to 50%. In a ball 
null having a capacity of 7.5 litres, 325 g 
of concentrated sulphuric acid was added to 75 
the clay slurry to form a creamy mixture. 
The mixture was heated at 180°C in a steam 
atmosphere for 3 hours to effect the add 
treatment. Sulphates formed by the reaction 
were washed away and removed, and the 80 
residue was washed with water until no sul- 
phate ion was detected, to obtain an acid- 
treated day. 

Results of the chemical analysis and X-ray 
diffraction analysis of the starting clay and 85 
acid-treated clay are shown in Table 6. 
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zeolites were detemiined in the same manner 
as described in Example 1 the crystal form 
being substantially the same as that of type 
A zeolite in each case, and the primary par- 
5 tide sizes being 0.8 /i for Sample 6 — 4, 0.7 p. 
for Sample 6— 5, and 0.8 /t for Sample 6—6. 
Other tests and use in detergent compositions 
are described in the aforementioned Applica- 
tion No, 47950/76 (Serial No. 1 571 003). 

10 EXAMPLE 7. 

Water was added to 500 g of the same 
acid day as used in Example 1, that was 
produced in Nakajo, Niigata Prefecture, 
Japan, to form 5 Kg of a mixture, and the 

15 mixture was sufficiently pulverised in a ball 
mill and subjected to classification and 
hydraulic erutriation by using a liquid cyclone. 
Water was removed from the resulting clay 
shiny (sample 7 — 1) by filtration and drying 



Particle Size 
Distribution (%) 
0—5 fi 
5—20 <i 
above 20 p. 

A sodium «limitimi»» solution and commer- 
cially available sodium hydroxide were added 
to the alkali metal pafysOicate shiny so that 
the following composition (molar ratios) was 
45 sifTninftfl in the crystallisation mixture: — 

NatO/Si0 2 =L2 
SiO i /Al z O»=2jO 
H t O/Na,O=50.0 
CA value=1.95% 

50 The so obtained alkali metal ahiminosilicate 
gelatinous slurry was heated at 90°C to effect 
crystallisation reaction^ and the reaction pro- 
duct (sample 7 — 4) was r eco v ered through 
washing and drying. The crystal form of the 

55 reaction product was substantially that of type 
A zeolite, and its primary particle size was 
03 Other tests and use in detergent com- 
position are described in the aforementioned 
Ar^hcatior* No. 47950/76 (Serial No. 

60 1571003). 

EXAMPLE 8. 
This Example illustrates another method 
for preparing alkali metal alurrunosOicate gels. 
Run (A) (method comprising adding a slurry 
65 of an alkali metal polysilicate corresponding 
to Na 2 O*10SiO s to an alkali metal ahiminate 
solution) : 

A beaker having a capacity of 2 litres was 
charged with 1118 g of an alkali metal atam- 
70 inate solution containing 7.4% of A1 3 0 4 and 
727% of NaaO. Water was added to the 
same alkali metal porysQicate shiny as pre- 



so that the water content was reduced to 20 
about 60%. Th slurry was charged in a 
lead-lined vessel together with sulphuric acid 
having a concentration of about 40%, and 
the rnixture was hratari at 90°C under agi- 
tation for 20 hours to effect add treatment, 25 
followed by filtration and water washing. 
Then, 13.4 g of sodium hydroxide was added 
to 100 g (as the dry product) of the so 
obtained activated silica (sample 7 — 2) at 
60°C under agitation and the treatment was 30 
conducted for 2 hours to obtain an alkali 
metal pofysilicate slurry (sample 7— 3), in 
which the Na 2 0/Si0 2 molar nub was wrtfab 
the required range of from 1:3.5 to 1:500. 

Particle size distribution (Ds) of the clay 35 
slurry (sample 7 — 1), the activated silica 
slurry (sample 7 — 2) and the alkali metal 
pofysilicate slurry (sample 7 — 3) are shown 
in Table 7. 



pared in Example 1 so that the SiO* con- 
centration was 10%, and 952 g of the result- 
ing shiny was added to the above alkali metal 75 
ah Tm mate solution over a period of about 
30 minutes. The mixture was treated in the 
same manner as in Example 1 to obtain a 
homogeneous gelatinous slurry of an alkafi 
metal ahmimosilicare. 80 
This alkali metal amminosilicate slurry was 
reacted at 85 °C for 4 hours to crystallise 
out a synthetic zeolite. The resulting crystal 
was leuWeied by filtration, washed with, water 
and dried to obtain a synthetic zeolite (sample 85 
8 " — 1). Run (E) (method (ynfyp ri sfl ig simul- 
taneously ndtimfr an alkali metal ahiminate 
solution and an alkali metal porysOicate to 
water): 

A beaker having a capacity of 2 litres was ' 90 
charged with 265 g of water, and 892 g of 
a slurry of an alkali metal polysilicate obtained 
as in Example 1 (curiesportding to 
NaoO lOSiOt) having an SiO* concentration 
of 1U% by weight and 913 g of an alkali 95 
metal alummate solution having an AlaO* 
concentration of 9.1% by weight were simul- 
taneously added to the content of the beaker 
under agitation over a period of about 30 
minutes. At the initial stage of the mixing 100 
operation, slight increase of the viscosity was 
observed, but both the components were well 
dispersed in the latter stage and a homo- 
geneous gelatinous slurry was obtained. 

In the same maimer as in Run (A), the 105 
slurry was reacted at 85°C for 4 hours to 
effect crystallisation. The resulting crystal 
was recovered by filtration, washed with water 



TABLE 7 

Sample 
7—1 
70 
30 
0 



Sample 
7-5 
78 
22 
0 



Sample 
7—3 
84 
16 
0 



18 



1,571,001 



18 



and dried to obtain a synthetic zeolite (sample 
8—2). 

Berth of these synthetic zeolites had a crys- 
tal form substantially the same as that of type 
5 A zeolite and a primary particle size of 0.4 p. 
Other tests and use in detergent compositions 
are described in the aforementioned Appli- 
cation Na 47950/76 (Serial No. 1 571 003). 

EXAMPLE 9. 

10 This Example illustrates influences of the 
alkali concentration of the zeolite-crystallising- 
out reaction between sodium aluminate and 
an alkali metal polysilkate formed by sub- 
leering an acid-treated add clay to the pre- 

15 treatment with an alkali metal component 
Each of 3 beakers having a capacity of 1 
litre was charged with 300 g of an alkali 
metal pofysOicate slurry prepared in the same 
manner as in Example 1, and sodium ahim- 

20 inate comprising 1854% of Na*0, 19.1% 
of A1 2 0 3 and 62.36% of H 2 0 and commer- 
cially available sodium hydroxide were added 
to the slurry together with water if necessary, 
so that the alkali concentration, CA value, 

25 was 4, 25 and 12 mole %. The composition 
was adjusted so that the NajO/SiO^ molar 
ratio was 1.0 and the SiOs/AlsQj molar ratio 
was 2.0. The resulting alkali metal albmino- 
sflicate gel was reacted at 95°C for 3 hours 

30 under agnation to form crystalline particles 
of a synthetic zeolite. The mother liquor was 
removed, and the residue was washed with 
water and filtered and the filter cake was 
recovered. Thus, there were obtained 3 syn- 

35 thetic zeolites, namely sample 9 — 1 (prepared 
from the raw material having a CA value 
of 4 mole %\ sample 9—2 ( prepare d from 
the raw material having a CA value of 2 JS 
mole %) and sample 9 — 3 (prepared from the 

40 raw material having a CA value of 12 mole 
%). Properties of these zeolites were deter- 
mined in the same manner as described in 
Example 1 the crystal form being substan-" 
tiahy that of type A zeolite in each case and 

45 the primary particle size being 0.2 /* for 
Sample 9 — 1, 0.4 p. for Sample 9 — 2, and 
less than 1 micron for Sample 9 — 3. Other 
tests and use in detergent compositions are 
described in the aforementioned Application 

50 No. 47950/76 (Serial No. 1 571 003). 

EXAMPLE 10. 
In this Example, a synthetic zeolite pre- 
pared from an alkali metal flliimfon cflirflt^ 
slurry was separated from the mother liquor 
55 in such a state that a part of excessive socman 
hydroxide contained in the mother liquor was 
incorporated in the zeolite and an add or 
acidic salt was added to die so separated 
zeolite composition to effect neutralisation 
60 and obtain a synthetic zeolite builder 
composition. 

As the alkali metal aluminosilicate builder 
containing the alkali metal component, there 



were chosen the zeolite crystal-containing 
slurry prepared in Example 1 from which 65 
the mother liquor had not been separated by 
nitration (base S\ the filter cake formed by 
removing the mother liquor from base S by 
filtration so that the solid content was 50% 
(base Q and the filter cake formed by wash- 70 
ing base C with water one time (base F). 
Then, an add or acidic salt shown in Table 8 
was added to such alkali metal component- 
containing zeolite composition (base S, C or 
F) in an amount indicated in Table 8 (parte 75 
by weight per 100 parts by weight of the 
base as the dried product, and the mixture 
was sufficiently agitated and blended and dried 
at about 170°C by using a hot air drier to 
form an alkali metal aluminosilicate builder 80 
in which a part of the contained alkali metal 
hyroxide co mp o n ent was neutralised and com- 
bined with the alkali metal component con- 
tained. Thus, there were preoared 34 kinds 
of such alkali metal silicate binders (samples 85 
10—1 to 10—34) as shown in Table 8. 

For comparison, an acid (sulphuric acid) 
was added for neutralisation so that the pH 
was reduced below 9.0, and the mixture was 
treated in the same manner as described 90 
above to form comparative sample H — 12. 

Comparative samples were p rep ar ed directly 
from bases S and C in which an gri d or **c*dic 
salt was not mcorporated. More specifically, 
a pow dery sample H— 10 was prepared by 95 
concentrating entirety base S according to a 
customary method for concentrating and 
solidifying slurries, drying the concentrate at 
about 170°C and pulverising the resulting 
solid, and a powdery sample H— 11 was pre- 100 
pared by drying base C at about 170°C and 
pulverising the dried rjroduct. 

The primary particle size was 0.4 p. in 
every case, and crystal form was substantially 
the same as that of type A zeolite (4A) except 105 
for comparative Samples H — 10 and H — 11 
which had a sodalite crystal form. Other tests 
and use in detergent compositions are described 
in the aforementioned Application No. 
47950/76 (Serial No. 1 571 003). 110 

TABLE 8 

Sample 
No. 

10—1 base S+HjSQ^ parts) 

10—2 base S+HJJQ^ parts) 

10—3 base S+ citric acid(3 parts) 

10—4 base S+dtric acid(6 parts) 

10—5 base S+dtric acid(10 parts) 

10—6 base S+H 5 PQ ft (3 parts) 

10—7 base S+HsFO*(6 parts) 

10—8 base S+HJPO^IO parts) 

10—9 base S+potysihcic acid(3 parts) 

H— 10 baseS 

10—10 base C+citric acid(3 parts) 

10—11 base C+dtric add(6 parts) 

10—12 base C+dtric acidQO parts) 

10—13 base C+HaPQ,^ parts) 
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TABLE 8 (continuation) 

Sample 
No. 

10—14 base C+BUPO*^ parts) 

10—15 base C+polysilicic acid(3 parts) 
H— 11 base C 

10—16 base F+citric add(l part) 

10—17 base F+citric acid(3 parts) 

10—18 base F+citric adoYS parts) 

10—19 base F+citric add(7 parts) 

10—20 base F+H^PO^l part) 

10—21 base F+H»POw(5 parts) 

H— 12 base F+H^SCUl part) 

10—22 base F+H^O^l part)+NaOH 

10—23 base F+HJW3 parts) +NaOH 

10—24 base F+HaPO*(5 parts) +NaOH 

10-25 base F+HaPO^lO parts)+NaOH 

10—26 base F+NaaHPO^ part) 

10—27 base F+NaaHPO^ parts) 

10—28 base F+Na*HP0 4 (4.8 parts) 

10—29 base F+NaH^P0 4 (l part) 

10—30 base F+NaBiPO^ parts) 

10—31 base F+NaHaP0 4 (4.8 parts) 

10—32 base F+HjPQjtf parts) +NaOH 

10—33 base F+EtBCMlO parts)+NaOH 

10—34 base F+polysiliac acid(13 parts) 

EXAMPLE 11. 
This Example illustrates a builder com- 
position prepared by separating a synthetic 
5 zeolite crystallised out at the step of prepar- 
ing an alkali metal ahnninosilicate builder 
from the mother liquor in a state where a 
part of excessive sodium hydroxide contained 
m the mother liquor is rnrinded into the 

10 zeolite, adding phosphoric add (H3FO4) to 
the recovered zeolite composition and drying 
and calrrnmg the resulting mixture, and a 
builder composition prepared by washing 
the above zeolite separated from the mother 

15 liquor with water, adding disodium hydrogen- 
phosphate (NaaHPGt) to the washed zeohte 
and drying and raHning the resulting 
mix hire. 

Run (A): 

20 A 5% solution of commercially available 
phosphoric acid was added to base C described 
in Example 10 so that the pH was reduced 
to 10, and the resulting slurry composition 
was dried in a drier maintained at 110°C 

25 calcined at 500°C for 1 hour in an electric 
furnace and pulverised to obtain a powdery 
sample (sample 11 — 1). 

Run (B): 

To 100 g of base F described in Example 
30 10 was added a 10% solution of disodium 
hydrogen phosphate in an amount, as 
NasHPO* corresponding to 10% by weigjit 
based on the zeolite, and the mixture was 
dried in a drier maintained at 110°Q cal- 
35 cined at 500°C for 1 hour in an electric fur- 
nace and pulverised to obtain a powdery 
sample (sample 11 — 2). 



Both samples had a crystal form substan- 
tially the same as that of type A zeolite (plus 
sodium phosphate) and a primary particle 40 
size of 0.4 jlu Other tests and use in deter- 
gent compositions are described in the afore- 
mentioned Application No. 47950/76 (Serial 
No. 1571003). 



WHAT WE CLAIM IS:— 45 

1. A process for the preparation of deter- 
gent builders which comprises acid-treating 
a smectite day mineral to prepare activated 
siHca or activated alurnina-shica under such 
acid-treating condhions that at least the X-ray 50 
diffraction peak of the plane index [001] 

is reduced to less than 15% of its original 
height, treating the resulting activated silica 
or activated ahimina-siKca with an alkali 
metal hydroxide or a water-soluble alkali 55 
metal silicate to prepare an alkali metal poly- 
silicate or alkali metal polyahrrnmosilicate 
having a composition in which the Na 2 O/Si0 2 
molar ratio is in the range of bom 1/3.5 to 
1/500, rnixing said alkali metal rx>iysilkate 60 
or alkali metal poryartmiinosihcate with 
.alumina and alkali metal components and 
water to prepare a homogeneous mixture 
having a composition capable of forming 
zeolite of the type A, and heating said homo- 65 
geneoos mixture to aystalHse out fine par- 
ticles of synthetic type A zeolite (as herein- 
before defused) baring a primary particle size 
(as hereinbefore defined) smaller than 1 p. 

2. A process according to claim 1, wherein 70 
the smectite clay mineral is a montmorifiomte 

day inrneraL 

3. A process according to claim 1 or 2, 
wherein the smectite day mineral is acid- 
treated so that the height of the X-ray diff- 75 
raction peak of the plane index [001] of 

the acid-treated clay is reduced to less than 
5%, of its original height. 

4. A process according to claim 1, 2 or 3, 
wherein the smectite day mineral is acid- 80 
treated so that the height of the X-ray diff- 
raction peak of the pfene index [110] [020] 

of the acid-treated clay is reduced to less 
than 15% of its original height. 

5. A process according to claim 4, wherein 85 
the height of the X-ray diffraction peak of 

the plane index [110] [020] is reduced to 
less than 5% of its original height. 

6. A process according to any of the pre- 
ceding claims, wherein the smectite clay mm- 90 
eral is acid-treated so that the acid-treated 
clay has an aromatic adsorption index [AAI] 

of at least 16. 

7. A process according to claim 6, wherein 

the clay is treated so that the said AAI is 95 
within the range from 20 to 60. 

8. A process according to any of the pre- 
ceding daims, wherein the said alkali metal 
poirysSkare or alkali metal poiyalurntnosilicate 

has a composition in which the Na^O/SiO, 100 
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molar ratio is in the range of from 1/4 to 
1/400. 

9. A process according to claim 8, wherein 
the said Na a O/SiO» molar ratio is within 
the range from 1/7 to 1/300. 

10. A process according to any of the pie- 
ceding claims, wherein the activated silica 
or activated alumina-silica is treated with the 
alkali metal hydroxide or water-soluble flfrnK 
metal silicate in the presence of water in an 
amount of 1 to 49 parts by weight per part 
by weight of said activated silica or activated 
alumina-silica. 

11. A process according to claim 10, 
wherein the said amount of water is 2 to 19 
parts by weight. 

12. A process according to any of the pro- 
ceding claims, wherein an aqueous mixture 
of the activated silica or activated siumina- 
silica and the alkali metal hydroxide or water- 
soluble alkali metal silicate is aged for at 
least 0.2 hour. 

13. A process according to claim 12, 
wherein the aqueous niixture is aged for at 
least 2 hours. 

14. A process according to any' of the pre- 
ceding claims, wherein the particle size of 
die alkali metal poiysilicate or alkali metal 
poiyahnninosilicate is adjusted so that particles 
having a size smaller than 5 constitute at 
least 20% by weight of the total and par- 
ticles having a partide size larger than 20 
constitute less than 30% by weight of the 
total. 

15. A process according to claim 14, 
wherein the particles smaller than 5 /t con- 
stitute at least 50% by weight of the total 



and the particles larger than 20 ii constitute 
less than 10% by weight of the total 

16. A process araxrdmg to claim 14 or 15, 40 
wherein me particle size adjustment is car- 
ried out in one or more stages before or 
during the acid treatment, or before, during 

or after the first alkali treatment 

17. A process, according to any of the pre- 45 
ceding claims, wherein the homogeneous mix- 
ture of the alkali metal poiysilicate or alkali 
metal alunimosiHcate with the alumina and 
alkali metal components has a composition 

in which the Si0 2 /Al a O a molar ratio is in 50 
the range of from 0.1 to 3.5, the Na»0/SiO* 
molar ratio is in the range of from 0.5 to 5, 
and the HaO/Na^O molar ratio is in the 
range of from 15 to 150. 

18. A process according to any of the pre- 55 
ceding claims, wherein the said homogeneous 
mature is formed by adding an ftHraK™* 
aqueous solution of an alkali metal aluminate 

to an aqueous dispersion of the alkali metal 
pofesfigate or alkaH metal polyahmunosiltarte. 60 

19. A process according to any of the pre- 
ceding claims, wherein the alkaK concentration 
(as e x p re ss e d as mole % of Na,0) in the 
said homogeneous admixture is in the range 

of 025 to 7 mole %. 65 

20. A process according to claim 19, 
wherein the said alkali concentration is within 
the range from 05 to 5 mole %. 

21. A process according to any of the pre- 
ceding claims, wherein the zeolite is ays- 70 
taBised out by heating the said homogeneous 
aitinixliite under conditions satisfying the fol- 
lowing requirements: 
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wherein t stands for the arvstalfising-out 
time (hr), T stands for the crystal Ksing- 
out temperature (°K, absolute temperature), 
and CA stands for an alkali concentration 
80 (mole %) in the zeolitevfoiming homo- 
geneous admixture. 

22. A process according to any of the pre- 
ceding claims, wherein excess alkali metal 
hydroxide is used and at least a part of the 

85 excess alkali metal hydroxide is incorporated 
in the aystalKsed-out synthetic zeolite. 

23. A process according to claim 22, 
wherein the synthetic zeolite containing the 
excess alkali metal hydroxide is neutralised 

90 with an inorganic acid, organic acid or acidic 
salt; winch acid or salt has a pKa value of 
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at least 2, so that the pH of a suspension of 
the neutralised zeolite is not lower than 9.0. 

24. A process according to claim 1 
substantially as described in any of the fore- 95 
going Examples 1 to 11 with reference to any 
Sample other than those designated Sample 
H— . 

25. A synthetic type A zeolite detergent 
builder produced by a process according to 100 
any one of the preceding claims. 

I A. K EMP & CO, 
Chartered Patent Agent, 
14, South Square, 
Gray's Inn, 
London, WC1R 5EU. 



Printed for Her Majesty's Stationery Office by the Courier Press, Leamington Spa, 1980. 
Published by the Patent Office, 25 Southampton Buildings, London, WC2A 1AY, from 
which copies may be obtained. 



1571004 COMPLETE SPECIFICATION 

9 SHFFTS 77i'* Rawing '* 0 reproduction of 
C Jncnu Ae 0rJg(no( 0|) a re( j uce< i , M / e 

Sheet 1 



COMPLETE SPECIFICATION 

This drawing Is a reproduction of 
the Original on a. reduced scale 
Sheet 2 




Fig. b 




i i i i 1 1 1 — 

10 20 30 40 

X-RAY DIFFRACTION ANGLE 20 »- 



1571004 
2 SHEETS 



